INTRODUCTION
Ectoparasites are organisms which inhabit the skin or outgrowths of the skin of another organism (the host) for various periods, and may be detrimental to the latter. Various ectoparasites cause significant infestations in many kinds of domestic animals including livestock, pets, laboratory animals, poultry, fish and bees (28, 39, 55) . Many of these ectoparasites (e.g. most lice) are host specific, while others (e.g. many ticks) parasitize a wider range of hosts. Several ectoparasites currently associated with domestic animals have been acquired by the introduction of either host or parasite into new regions, as animals have become domesticated throughout the world. For example, cattle, goats, and other important domestic livestock species have been introduced into much of Africa, where they may now fall victim to the ravages of native tsetse flies (Glossina spp.) and ticks, as well as pathogens transmitted by these parasites. Relatively rapid intercontinental transportation of these animals has compounded the problem. The vast majority of ectoparasites are invertebrates. Most invertebrate ectoparasites are arthropods; insects and arachnids typically parasitize terrestrial domestic animals, while crustaceans are associated with fish.
Many ectoparasites are known to be vectors of pathogens, which the parasites typically transmit to hosts while feeding or (occasionally) defaecating. However, ectoparasites -especially in large aggregations -may also debilitate domestic animals in other ways, by causing the following disorders (39, 65, 66, 88) : Subdermally-located parasitic larval stages of certain flies cause a condition termed 'myiasis', which may lead to significant tissue damage and secondary infection (11, 50, 100) . Nevertheless, ectoparasite infestations of many domestic animals are minor and seem to cause little harm to the host.
This introductory chapter will briefly outline the main characteristics, higher-level classification and economic importance of the principal metazoan ectoparasites affecting domestic animals. Less coverage is given to ectoparasites associated with laboratory animals, and for further details on this subject, readers are referred to a previous review (28) . However, more information is provided on ectoparasites of bees and fish, as these areas are not dealt with elsewhere in this volume, and also on those of birds, not fully covered elsewhere. This chapter attempts to follow a natural (phylogenetic) classification for the ectoparasites discussed. Table I is a taxonomic compilation of the principal ectoparasites of various domestic animals and the main pathogens transmitted by these parasites. Both in Table I and throughout this brief overview, the various taxa of ectoparasites are considered on an evolutionary scale by sequentially addressing flukes, leeches, arthropods and finally vertebrates.
FLUKES AND LEECHES
Some species of flukes (Platyhelminthes: Trematoda), such as Gyrodactylus spp., are ectoparasites of fish and can cause serious damage to cultured species (3, 38, 42) . However, most flukes which parasitize fish are endoparasitic.
Although many leeches (Annelida: Hirudinea) are free-living, certain species parasitize fish and sometimes also domestic and laboratory animals (crocodilians, macaques, etc.). Some leeches can transmit haemoflagellate or sporozoan protozoans to vertebrate hosts during blood-feeding (97) . The fish leech (Piscicola geometria) can transmit spring viraemia carp virus (SVCV) to carp (2) ; another fish pathogen, infectious haematopoietic necrosis (IHN) virus, has also been isolated from this leech (63) .
CRUSTACEANS
A wide variety of crustaceans feature prominently as fish ectoparasites and some species adversely affect domestic fish stocks. Fish culture (farming) is a branch of animal husbandry which dates back hundreds of years in Asia and Europe. Fish farming practices have been refined and production has increased over time. Since the 1950s, an explosive growth has been witnessed in the fish culture industry. Historically, cyprinid fish species of Asian origin (e.g. various species of carp, tench and peleds) were adapted to fish farming practices. Later, warmwater species (e.g. catfish: Ictalurus) were adapted to fish farming in the southern United States of America (USA), thence being introduced to developing countries in Africa, and thus became a reliable source of protein in the human diet in these regions. Fish farming is currently practised on all continents except Antarctica. The most recent development has been the enormous progress in rearing anadromous and catadronous fish species using 'netpen' technology in temperate regions of the northern hemisphere. Facilities for saltwater fish farming have been developed even inland, adjacent to favourable coastlines. Kent (46) indicated that the use of netpen practices would increase salmon production in Canada by 250% between 1989 and the year 2000.
Ectoparasites are usually a minor problem under pond or hatchery conditions, as they can be eliminated quickly using externally-applied therapeutic agents. By contrast, ectoparasites can be devastating in netpens, where it is difficult to apply and maintain bath-administered drugs. Ectoparasitic Crustacea constitute one of the most severe problems facing pen-reared Atlantic salmon (46) . As a consequence of their shared aquatic habitat, Crustacea and fish were thrown into ecological propinquity (41) . Just as crustaceans developed a parasitic relationship with fish, arthropods were inevitably able to do so with warm-blooded vertebrates. Nevertheless, parasitic crustaceans are the most poorly understood group of ectoparasites, except by a few specialists (41, 42) , and their taxonomic intricacies are beyond the scope of this paper. The review presented below is intended to examine representative types of Crustacea which are parasitic on fish species encountered in fish farms, and to explore the effects of this parasitism on the hosts. This is effectively a study of coevolution, with the ectoparasite and host serving as models. The most recent breakthrough in the study of parasitic Crustacea concerns knowledge of the role of the crustacean ectoparasite as a vector and/or possible reservoir in the transmission of disease organisms to fish.
Life cycles of the parasitic Crustacea have been reviewed elsewhere (13, 37, 46, 68) . The Crustacea are represented here by two subclasses, Copepoda and Branchiura, while a third subclass, Malacostraca, may be of some importance. These different groups of crustaceans have been variously modified in adapting to their respective hosts. In all the crustacean species involved, this adaptation has required varying degrees of loss of mobility and flexibility, with a concomitant gain in rigidity.
Subclass Copepoda
In parasitic copepods, the body segments are often fused. The abdomen has four segments, which are usually all fused in the parasitic species as a result of adaptation to the host. These species are difficult to recognize as arthropods, let alone copepods. Approximately 8,000 species of copepods exist, most of which are free-living. These species are usually classified in seven orders. However, most parasitic copepods are found within three orders: Cyclopoida, Caligoida and Lernaeopodoida. All ectoparasitic copepods are known to feed on the blood and tissue fluids of the host. Sites of parasite attachment commonly become haemorrhagic, spongy and necrotic. 
Order Cyclopoida
The order Cyclopoida is mostly comprised of free-living copepods including the wellknown free-living Cyclops spp. A few genera are parasitic, including the following: a) Ergasilus spp. morphologically resemble Cyclops spp., except that in Ergasilus the second antennae are transformed into large clasper-like claws. Ergasilus spp. attach to the gill filaments of freshwater (pond) fish. Copulation occurs while both sexes are freeswimming, after which the male dies. Only female ergasilids enter the gill cavity of the fish, where they creep to the gills and attach using their claws.
b) The genus Lernaea has frequently been placed in the order Caligoida. Only the worm-like females, which have horn-like processes or anchors on the cephalothorax (38) , are parasitic. The cephalic horns enable the parasite to fix itself into the host muscle tissue. Lernaea cyprinacea parasitizes freshwater fish, attaching on the outside surface by boring into the underlying muscle tissues, although the greater part of the parasite body remains outside the host. Heavy infestation by Lernaea is fatal to the host (13) .
Order Caligoida
The order Caligoida is comprised exclusively by parasitic genera. The following genera are frequently encountered: a) Lepeophtheirus spp. (sea lice) have a circular dorsoventrally-flattened cephalothorax, which is covered with a carapace or shield. The mouth is adapted for sucking, while the pointed mandibles pierce the skin of the host.
Lepeophtheirus salmonis is essentially limited to salmonid fish in Europe and North America. In experimental studies using Atlantic, chinook and coho salmon, the latter species was the most resistant to L. salmonis while the Atlantic salmon was the most susceptible (40) . Kent (46) indicates that all species of sea lice studied have a direct life cycle (without alternate or intermediate hosts) with ten developmental stages (Fig. 1) . Various stages in the life cycle are parasitic. Sea lice have been reported to cause serious damage to fish in many saltwater rearing facilities, including those located inland. The relationship of the number of sea lice to the severity of disease is dependent on two factors, namely (46): -size and age of the fish -species and developmental stages of sea lice present. b) Caligus spp. are characterized by the presence of two semicircular structures on the anterior margin of the head; these are known as 'lunules', and are believed to be sensory organs. Caligus has cone-shaped, sucking mouthparts. Unlike Lepeophtheirus or most other parasitic copepods, adult Caligus are capable of swimming and may leave one host and attach to another. Some species of Caligus appear to have a world-wide distribution and broad host associations. Caligus clemensi is an important parasite of netpen salmon in the north-west Pacific region (46) .
Order Lernaeopodoida
The lernaeopodids are modified more markedly from the ancestral free-living copepods than even the caligoids. The anchoring device in this order is termed the bulla, and is formed by secretions from the head and maxillary glands (13) . The maxillae are usually large and fused to the bulla. The female becomes a fixed parasite attached immovably to the host. The male is very small (dwarfed), clings to the female and can crawl over her body. The order Lernaeopodoida consists of approximately six genera, one of which (Salmincola) is important to the fish culture industry.
Chalimus (four stages), attached to fish by frontal filament Fig. 1 Life cycle of the sea lice (Lepeophtheirus spp.) (46) In Salmincola, the body of the female is completely without segments; the maxillae are modified as arms, joining at the bulla. The mouthparts bear a filament for attachment to fish. The larval Salmincola forces this filament into the tissue of fish and attaches the second maxillae to the filament, which becomes part of the bulla, thus attaching itself permanently to the host. Salmincola spp. cause considerable damage in salmonid fish farming operations, especially in North America (41) .
Subclass Branchiura
Members of the subclass Branchiura are small crustaceans similar to copepods which, at one time, were considered to represent an order within the Copepoda. They are commonly known as 'fish lice'; all are placed in the order Arguloida. The morphology shows fewer variations than that of other parasitic Crustacea. The Arguloida are adapted for attachment by the presence of hooks and suction cups on the ventral surface of the body. There is no larval stage (nauplius) and development into a juvenile is direct. The mouthparts are greatly reduced.
A striking feature of Argulus spp. is the modification of the second maxillae into two suction cups which enable the parasite to remain attached to the host. The mandibles are modified, forming a pre-oral 'sting' with which the fish louse pierces the skin of the fish to obtain a blood meal. Argulus foliaceus is the most common carp louse in Eurasia and has been inadvertently introduced to other continents along with its host.
A. foliaceus
occasionally parasitizes trout and other species of fish. Other important parasitic species of this genus are A. pellucidus (associated with several species of cyprinid fish) and A. coregoni (associated with salmonids and percids).
Subclass Malacostraca
Members of the order Isopoda (e.g. Livoneca spp.) have been mentioned (41) as causing serious losses in the fishing industry, but their importance to species utilized in fish farming remains unclear; they parasitize freshwater fish in Central and South America. Another member of this subclass, the decapod crayfish (Astacus astacus), is involved in the transmission of infectious pancreatic necrosis virus to rainbow trout (see below).
EFFECTS OF PARASITISM
The direct effects of ectoparasitic infestation on the hosts have been carefully reviewed (3, 7, 41) . For information on parasites and diseases of fish species cultured in the tropics, the reader is referred to Kabata (42) . Kent (46) presents detailed information on the ectoparasites affecting netpen-reared salmonid fish in the north-west Pacific region, especially L. salmonis and C. clemensi. Kent (46) also discusses current methods of control. In contrast to the sensitivity of the cyprinids and salmonids to ectoparasites in aquaculture operations, the Ictaluridae (catfish) farmed in the warmer regions of North America and parts of Europe seem pot to develop severe problems due to crustacean ectoparasites. For example, Hoffman (38) implicated six species of the genera Achtheres, Argulus, Ergasilus and Lernaea occurring in nature on the channel catfish (Ictalurus punctatus).
However, no actual reports exist in the literature of disease-related conditions induced by these ectoparasites in fish farming operations.
PATHOGEN TRANSMISSION
The existence of bacterial organisms associated with fish species in farming practices has been documented (3, 7, 70) (23) . By virtue of blood-feeding, sucking lice are generally more adept at transmitting pathogens to domestic animals than are chewing lice, although chewing lice on cattle can also transmit T. verrucosum (43) .
The chewing lice (Mallophaga) may be classified into three groups (Ischnocera, Amblycera and Rhynchophthirina), each usually interpreted as a suborder. While some chewing lice are haematophagous, most species appear to subsist on host skin scrapings, exudates, fur or feathers (55) . Collectively, the chewing lice are more diverse than the sucking lice, with approximately 2,600 species described world-wide (55) . Different species of chewing lice parasitize either birds or mammals, and most species (approximately 2,200) are associated with birds. As with the Anoplura, the majority of the biodiversity inherent in the chewing lice is associated with feral hosts, but a small number of important species (approximately 50) parasitize domestic hosts. Again, presence of parasites in large numbers can be extremely detrimental to the hosts, especially livestock or poultry. Certain lice of water fowl, including those of ducks and swans, are capable of harbouring and transmitting pathogenic nematodes (including heartworms) to their hosts (14) .
The three members of the Old World Rhynchophthirina parasitize either elephants or wild pigs. Haematomyzus elephantis, the species found on elephants (both African and Indian), can occur in large numbers and sometimes causes dermatitis in hosts (76) .
TRUE BUGS
The large insect order Hemiptera contains several haematophagous ectoparasites, including approximately 115 species of kissing ('cone-nose') bugs (Reduviidae: Triatominae) and approximately 74 species of bed bugs and bat bugs (Cimicidae) (83, 94, 99) . These relatively large (5-44 mm in length) ectoparasites spend extended periods away from the host (usually concealed in crevices) and make physical contact with the host principally when taking a blood meal. Most kissing bugs (102 species) are confined to the New World, and some species will feed on a variety of hosts including available domestic animals, where relatively large blood volumes may be imbibed. Several species of kissing bugs (certain species in the genera Triatoma, Rhodnius and Panstrongylus) serve as vectors of Trypanosoma cruzi, the causative agent of Chagas' disease (American trypanosomosis), which can be debilitating to humans (99) . Although infected dogs may show signs of Chagas' disease, most parasitized domestic and sylvatic hosts of this trypanosome show inapparent infections and serve as reservoir hosts (84) .
Cimicid bugs can be debilitating pests of poultry, and even relatively small numbers of the Mexican chicken bug Haematosiphon inodorus, a denizen of western North America and Mexico, can cause irritability or anaemia in these hosts with occasional deaths of young birds. Other cimids -such as Cimex lectularius (a cosmopolitan species) and C. hemipterus (a tropicopolitan species) -which normally feed on humans may also feed on domestic animals, especially chickens (94) .
MOSQUITOES AND RELATIVES
The true flies (order Diptera) encompass a diverse array of species which are pests of domestic animals. Some groups, such as the keds or louse-flies (Hippoboscidae), spend much of their adult lives on the host and are clearly adapted morphologically and physiologically for an ectoparasitic lifestyle. However, most other groups, such as mosquitoes and tsetse flies, can at best be categorized as intermittent ectoparasites, due to the typically short-term physical contact with the host (55) . This synopsis of the Diptera follows the phylogenetic classification of McAlpine et al. (54) , who treat the Nematocera and Brachycera as suborders, and recognize the Muscomorpha (equivalent to the suborder Cyclorrhapha auct.) as an infraorder of the Brachycera.
Representatives of several families of Diptera within the suborder Nematocera feed on domestic animals, utilizing their stylet-like mouthparts to obtain a blood-meal. Most important among these are the mosquitoes (Culicidae). This brief survey can only highlight the importance of these and related flies. Of the approximately 3,200 described species of mosquitoes, hundreds can be pests of livestock, pets or poultry. Large numbers of mosquitoes can cause irritability, host anaemia, allergic responses and related sequelae. However, in many areas, mosquitoes are more important as vectors of pathogens to domestic animals. Pathogenic viruses (e.g. the encephalitides), bacteria (e.g. Bacillus anthracis), protozoa (e.g. malarial parasites) and the nematodes (e.g. filariae) of several diseases are all transmitted to domestic birds and/or mammals by mosquitoes. Many of these pathogens undergo developmental cycles in the mosquito vector reflecting true biological transmission, while other pathogens (e.g. B.
anthracis) are transmitted mechanically via contaminated mosquito mouthparts (39) .
Other nematoceran flies belonging to the families Psychodidae (sandflies: approximately 600 species world-wide), Simuliidae (blackflies, buffalo flies: approximately 1,500 species) and Ceratopogonidae (biting midges, 'no see-ums', 'punkies': approximately 4,200 species) also adversely affect domestic animals, especially livestock, in most parts of the world. In large populations, representatives of all these families may cause irritability, anaemia, debilitating immune responses and related manifestations in hosts (39) . In the New World, the sandfly Lutzomyia ylephiletrix is a vector of the virus which causes vesicular stomatitis in horses, mules and occasionally in cattle and pigs. Certain sandflies also transmit Leishmania spp. protozoans, which cause leishmanioses in dogs (as well as in humans) in both the Old and New World (53 (30, 36) . Multiple bites by certain species of ceratopogonids can also cause an allergic response known as 'sweet itch' or 'Queensland itch' in hypersensitive horses in many parts of the world (30) .
The remaining flies to be addressed in this overview are currently assigned to the suborder Brachycera (54), which includes many families containing species adversely affecting domestic animals. Among the most pestiferous of these are members of the family Tabanidae (horse and deer flies); adult females of most of the (approximately) 3,600 described tabanid species are obligate haematophages. Several species in the genera Chrysops, Tabanus, Hybomitra and Haematopota attack domestic animals, often with little host specificity. Large populations of these flies may swarm around livestock, especially cattle and horses, causing significant irritation (and sometimes anaemia) through persistent, painful bites inflicted to obtain blood meals. Multiple tabanid bites can also cause low weight gains, decreased milk yield and damage to hides in cattle. Some horse and deer flies are vectors of important pathogens affecting domestic animals. Trypanosoma evansi, the causative agent of surra, a serious livestock disease in the Old World and in South and Central America, is transmitted mechanically by several tabanids. Camels, horses, dogs and elephants are often severely infected with surra, whereas cattle and buffalo are often mildly affected and can serve as reservoir hosts. A few additional trypanosomes of lesser significance are also transmitted to domestic animals by tabanids. The causative virus of equine infectious anaemia, a debilitating disease of equids in many parts of the world, is transmitted mechanically by tabanids. Other pathogens transmitted to domestic animals by tabanids include the rickettsia Anaplasma marginale (which causes anaplasmosis in cattle) and the filarial nematode Elaeophora schneiden (an arterial worm of sheep and wild ruminants) (29) .
MUSCID FLIES AND RELATIVES
The small dipteran family Carnidae includes one species, Carnus hemapterus, which (as an adult) breaks off its deciduous wings and lives as an ectoparasite of birds, especially nestlings (80) . Although wild birds are more prone to attack by this fly, domestic birds are occasionally parasitized.
The bee louse belongs to the family Braulidae, genus Braula. There is only one species within the family, Braula caeca (= coeca). The bee louse is a tiny, mite-like, wingless insect with a rounded heavy body, strong legs and small eyes. Adult bee lice cling to the body of adult honey bees, mostly at the junction of the thorax and the abdomen. When ready to feed, the bee louse moves towards the head and removes pollen and saliva from the mouthparts of the adult bee. The eggs drop into brood chambers and hatch. The young larvae then tunnel into the wax cap of the honey cell. Larvae ingest wax grains and pollen (71) , apparently digesting the wax with the aid of intestinal microorganisms. This may disfigure honey to be sold in the comb. Matheson (56) states that the bee louse is not a parasite and is regarded by many as having no economic significance. The louse is world-wide in distribution and may congregate on the queen in autumn. Shimanuki et al. (86) conclude that the greatest problem associated with the bee louse is the fact that it may be mistaken for a mite when found on bees. The bee louse is still an issue for some certifying authorities. is a haematophagous species distributed widely throughout the world, which swarms around cattle and horses and may cause significant irritation to these animals, often resulting in poor weight gains or low milk yields (30, 36) .
Although most chloropid flies are associated with plants, a few species (the 'eye gnats') are attracted to body openings, sores or wounds of domestic animals. The genera Hippelates in the New World and Siphunculina in Asia are especially pestiferous and, although not haematophagous, flies of these genera can mechanically transmit certain pathogens (e.g. the causative agents of bovine mastitis and pink eye) (36) .
MYIASIS-CAUSING FLIES
The families Calliphoridae (blow flies) and Sarcophagidae (flesh flies) include several species which adversely affect domestic animals. While the larvae (maggots) of most of these flies feed on animal carcasses, those of several species are facultative or obligate parasites in living tissues. Such parasitism of live animals by fly larvae is termed 'myiasis'. Similarly, larvae of members of the family Oestridae (bot flies) cause obligate myiasis. Different body regions are typically attacked by different fly larvae, and gastro intestinal, urogenital, ocular, nasopharyngeal, auricular or cutaneous myiasis may result.
Calliphorids which cause facultative myiasis include Phaenicia serricata, P. pallescens and Phormia regina (which cause 'sheep strike') and Cochliomyia macellaria (the secondary screwworm of the New World). Several flesh flies (Sarcophaga spp.) also cause facultative myiasis in domestic animals. The larvae of relatively few calliphorids or sarcophagids have progressed to obligate myiasis. Nevertheless, some important obligate myiasis-causing pests of domestic animals are included in these two families. Among the calliphorids, the primary screwworm (Cochliomyia hominivorax) is of major significance in the New World. Although C. hominivorax has essentially been eradicated from the USA and Canada, this species continues to cause serious problems in livestock (especially cattle) in the remainder of the New World, and it was accidentally introduced into (but later extirpated from) Libya (96 (36) .
Members of the family Oestridae cause obligate myiasis and are represented by a diverse array of species which parasitize domestic animals across the world. Current dipteran classification recognizes four distinct subfamilies within the Oestridae: Cuterebrinae (New World skin bot flies), Hypodermatinae (Old World skin bot flies), Oestrinae (nose and throat bot flies) and Gasterophilinae (stomach bot flies) (54) . The subfamily Cuterebrinae includes many species of New World rodent and rabbit bot flies. One cuterebrine, the torsalo (Dermatobia hominis), attacks humans and livestock, and a small number of species in the genus Alouattamyia parasitize monkeys (12, 81) .
The subfamily Hypodermatinae includes the common cattle grub (Hypoderma lineatim)
and the northern cattle grub (H. bovis), which are now widely distributed in the northern hemisphere, especially in temperate regions. Both of the above species cause major economic losses to the cattle industry. Damage occurs when cattle injure themselves as they flee from ovipositing female flies (termed 'gadding') and after slaughter, when warble blemishes must be trimmed; hides are also found to be perforated by the action of the grub (85) . Cattle grub eggs are laid directly on cattle and, after hatching, the young larvae crawl to the hair bases and penetrate the host skin to begin a four-to six-month migration period within the connective tissue, before clustering along the midline or oesophagus and forming a warble pore to the exterior (8, 85) . Another hypodermatine, H. tarandi, produces similar warbles in reindeer raised as livestock (11) .
Members of the subfamily Oestrinae principally parasitize ungulates in the Old World and Australia. Eggs of these flies develop in utero, and first instar larvae are squirted by hovering gravid females into the eye or muzzle of the host. Developing larvae reside in the nasal sinuses or pharyngeal regions. The sheep nose bot (Oestris ovis) is an important pest of domestic sheep and goats, while the horse nose bot (Rhinoestrus purpureus) parasitizes horses and the reindeer throat bot (Cephenemyia trompe) occurs in reindeer and caribou. Larvae of all three species can cause serious problems when present in large numbers, with occasional host deaths being recorded (36) .
Maggots of stomach bot flies (Gasterophilinae) develop in the gut or pharyngeal region of equids, elephants and rhinoceroses. Adult females oviposit onto host pelage, where the eggs are licked and ingested or hatch spontaneously into first instar larvae which burrow into the mouth tissue and are eventually swallowed, attaching to the pharynx, stomach or intestinal wall; the site of attachment differs for each species. After developing in these sites, mature larvae release their hold and are voided with host faeces to subsequently pupate in the soil. Nine species of Gasterophilus parasitize domestic equids throughout the world, while three species of Cobboldia infest elephants. Important, widespread species associated with domestic equids include the common horse stomach bot (G. intestinalis), the predominant species in North America, and the dark-winged horse bot (G. pecorum), the most common species in Africa and Eurasia. Most domestic equids are parasitized by intestinal bots during their lifetime, with small infestations causing little apparent morbidity (11, 50) .
TSETSE FLIES AND LOUSE FLIES
The small family Glossinidae consists of 23 known species of tsetse flies (genus Glossina) which inhabit various parts of the African continent. The role of many of these pestiferous flies in transmitting the trypanosomes which cause sleeping sickness in humans and nagana in domestic animals is well documented. At least five species of trypanosomes are transmitted to wild and domestic animals in Africa by various species of Glossina. While most wild hosts are immune or have inapparent infections, many domestic animals develop the disease symptoms of nagana. Trypanosoma brucei, T. congolense and T. vivax are the most important agents of nagana. Several domestic animals including camels, horses, mules, cattle, sheep, goats and pigs are susceptible to this disease, which often manifests as anaemia, weakness, reduced muscle mass, enlargement of internal organs and lymph nodes, fever and diarrhoea. Most organ systems can become infected, and death is common in infected domestic stock (36) .
The family Hippoboscidae belongs to the suborder Brachycera, superfamily Hippoboscoidea. There are approximately 20 genera and 150-200 species in the world fauna (52, 56) . The family is cosmopolitan but primarily tropical and sub-tropical. Members of the Hippoboscidae have been given several common names, such as louse flies, keds, flat flies, sheep 'ticks' or forest flies. In the adult stage, all species are obligate ectoparasites, feeding on the blood of birds and mammals. Females produce only one mature ovum at a time, which develops into a single larva within the female. When mature, the larva is deposited either on a species-specific site or randomly on the ground. As some species attack domestic mammals, especially ungulates, these insects can be of considerable economic importance.
The most important member of this family is Melophagus ovinus (the sheep ked), which is found on sheep throughout the world. Larvae are attached to the fleece of sheep and, as this fly is wingless, the entire life cycle is spent on the host. Due to the gregarious nature of sheep, transfer of keds from one host to another is easily accomplished. These flies irritate sheep, causing them to scratch and rub themselves, thus damaging the wool and fouling it with ked faeces. Feeding lesions can also render sheep hides unsaleable. Heavy infestations can cause anaemia, and M. ovinus is the vector of Trypanosoma melophagium, a non-pathogenic protozoan found in sheep.
A nematode endoparasite of dogs, Dipetalonema dracunculoides, undergoes development in, and is transmitted by Hippobosca longipennis, a common ectoparasite of dogs and wild carnivores in the Old World (33, 64) .
Although approximately 75% of all hippoboscids attack birds, the pigeon (Columba livia) is the only domesticated bird parasitized by a hippoboscid, namely Pseudolynchia canariensis.
P. canariensis is the vector of Haemoproteus columbae in pigeons (47) . Other infectious agents transmitted by members of the family Hippoboscidae have been reviewed by Baker (6) .
FLEAS
Of the approximately 2,200 recognized species and subspecies of fleas (Siphonaptera), only about 20 species typically parasitize domestic birds and mammals (90, 91) . However, adults of these haematophagous ectoparasites (which are usually highly mobile) can cause significant problems, such as anaemia, dermatitis, hypersensitivity and pathogen transmission to domestic hosts (9, 90) .
Perhaps the most widespread and pestiferous flea, associated with several domestic mammals, is the cat flea (Ctenocephalides felis) (21) . Although this flea is most common on cats and dogs, where levels of infestation can be extremely high, C. felis will also feed on humans, goats, sheep, equids and other hosts. C. felis is a nuisance mainly due to persistent biting, but this species can also cause dermatitis, hypersensitivity or anaemia, and is a vector of Rickettsia typhi (the causative agent of murine typhus). The closelyrelated dog flea (Ctenocephalides canis) is now rare in most parts of the world, and is perhaps being displaced by the cat flea. Both cat and dog fleas are intermediate hosts of the tapeworm Dipylidium caninum, a common parasite of cats and dogs (55) .
Several other fleas are nuisance biters of domestic mammals. The European rabbit flea (Spilopsyllus cuniculi) is a 'stick-tight' species which embeds its mouthparts into host skin for extended periods, and is associated with laboratory and breeding rabbit installations world-wide. This flea is a vector of the virus which causes myxomatosis in European rabbits (55) . The 'alakurt' fleas Dorcadia ioffi and Vermipsylla alakurt parasitize ungulates in Central Asia, especially horses, sheep and yaks (25) . Large numbers of alakurt fleas can cause anaemia, hair loss, retarded growth, unthriftiness or death, especially in new-born lambs. Tunga penetrans (the chigoe or jigger flea) parasitizes humans, pigs and occasionally dogs. Females of this flea embed themselves deeply into host skin and dermis tissue, and cause painful lesions which are prone to secondary infection (39) . In pigs, these lesions occur in the feet, snout, scrotum or teats; involvement of the teats often restricts milk flow, resulting in starvation of piglets (25) . Two fleas in the genus Pulex, namely P. irritans and P. simulans, can be important ectoparasites of domestic mammals, especially pigs, dogs and cats. The so-called 'human flea' (P. irritans) is distributed patchily across the globe, while P. simulans occurs in North America (91) . Many other flea species are occasional biters of domestic animals. Some of these fleas -such as certain members of the genera Citellophilus, Ctenocephalides, Ctenophthalmus, Nosopsyllus, Oropsylla, Pulex and especially Xenopsylla -can transmit the agents of murine typhus and/or plague to domestic animals (9, 90, 93) . While some domestic animals are refractory to these pathogens and serve as reservoirs of infection, others are severely infected and may die (e.g. plagueinfected cats).
Birds are parasitized by a small number of flea species which may cause debilities. The stick-tight flea Echidnophaga gallinacea is a sedentary species which feeds on poultry in most tropical and sub-tropical parts of the world. These small fleas usually attach for extended periods to unfeathered host sites (e.g. the head, comb, wattle and perianal region). Large populations of E. gallinacea can cause anaemia, and feeding sites can become ulcerated. Such lesions are prone to secondary infection, and blindness may result if ulcerations abutt the eyes, effectively preventing the bird from feeding. The hen flea or European chicken flea (Ceratophyllus gallinae) feeds on several species of birds, including poultry, in many parts of the world. A related species, the western chicken flea (Ceratophyllus niger) is a pest of poultry in western North America. Both Ceratophyllus species are non-sedentary and are frequently found away from the host. In general, these fleas cause less damage to the host than E. gallinacea, but large infestations can result in anaemia and inefficient growth, especially in chicks (25) . Most species of the genus Ixodes are quite specific in their feeding habits, usually parasitizing burrow-or den-inhabiting mammals. However, several non-specific feeders in the subgenus Ixodes of the Ixodes ricinus complex of ticks have gained importance recently, due to the potential for these ticks to transmit the spirochete of Lyme disease. This disease in domestic animals was recently reviewed by Bushmich (10) .
TICKS
In North America, the species present are I. (77) and Coxiella burnetii (36) .
A few other Ixodes spp., not in the I. ricinus complex, are important pests of domestic animals. In South Africa, Ixodes rubicundus infests dogs and livestock, the females injecting toxins which cause paralysis. Ixodes cavipalpus (distributed from the wooded highlands of southern Sudan to Zimbabwe and Cameroon) is often found on livestock. The Australian tick Ixodes holocyclus is a pest of wildlife, livestock and dogs in the humid coastal areas of Queensland and New South Wales. I. holocyclus can also cause paralysis in the host. In Victoria, Tasmania and parts of New South Wales, I. cornuatus has hosts similar to those of I.
holocyclus.
The monotypic Nosomma monstrosum frequently parasitizes buffalo, horses, domestic cattle, boar and occasionally man. This species is found in India, Sri Lanka, Bangladesh, Laos and Nepal.
The genus Rhipicephalus (75 species) is primarily Afro-tropical, only about a dozen species being found in other areas of the world. The most widespread tick species in the world is R. sanguineus (the brown dog tick or kennel tick). This species attacks dogs wherever it is found and, although African in origin, it can thrive in heated apartment buildings in countries as far north as Canada or Sweden.
In the Palaearctic region, R. pusillus (in South-Western Europe and North-Western Africa) feeds on the European rabbit, and also on dogs and pigs. R. turanicus is an African species which has spread throughout the Middle East, Southern Europe, and eastwards to India and China. Adults are common on various species of livestock.
Rhipicephalus
bursa is found throughout the entire Mediterranean, Adriatic and Aegean basins, including on the islands. It is also found in Switzerland, Bulgaria, Romania, Iraq, northern Iran, Azerbaijan, Georgia, Kazakhstan, Turkmenistan and Ukraine. In the Palaearctic region, this species is generally found between 31°N and 45°N. Reports of R. bursa from various countries in sub-Saharan Africa, Mexico, Venezuela, Uruguay, Haiti, Cuba and Timor are either mis-identifications or accidental importations. Hosts include sheep, goats, cattle and other domesticated animals. Immatures and adults infest the same hosts. Numerous disease organisms have been reported from R. bursa. Babesia ovis is probably the most commonly-reported disease agent in this species of tick, but B. bovis, B. bigemina, B. equi, Anaplasma marginale and Coxiella burnetii have also been recorded. Thogoto virus has been isolated from R. bursa in Sicily, and Crimean-Congo haemorrhagic fever virus in Greece and Kyrgyzstan. R. bursa is also known to cause paralysis in sheep.
From Central Europe to Kazakhstan and China, adults of Rhipicephalus rossicus, R. pumilio and R. schulzei feed on cattle and other livestock. The causative agents of tularaemia, Q fever and Crimean-Congo haemorrhagic fever have been isolated from one or more of these tick species.
The only important tick of cattle, sheep, goats and pigs which occurs in the Oriental region is Rhipicephalus haemaphysaloides. This tick species is distributed over an area ranging from the lowlands of Afghanistan, Pakistan, Nepal, India and Sri Lanka, eastwards throughout continental South-East Asia to Taiwan and the Indonesian islands of Sumatra and Sulawesi.
A large number of Rhipicephalus spp. of domestic animals are found in Africa, and many of these species can be difficult to recognize. However, the ivory-ornamented species R. pulchellus is easy to identify (at least, this is true of the male). The primary host of this tick is the zebra, but antelopes and livestock are also hosts. R. pulchellus occurs east of the Rift Valley, in south-eastern Ethiopia, southern Somalia, Kenya and north-eastern Tanzania. Several viruses, including the causative virus of Nairobi sheep disease, have been recorded from this tick, which is also a vector of Rickettsia conori, Babesia equi, Theileria spp. and Trypanosoma theileri. Rhipicephalus evertsi evertsi of Eastern and Southern Africa is a parasite of zebra, antelopes and other large game animals, but also feeds on all types of livestock, with the exception of pigs and camels. R. e. evertsi causes tick paralysis in lambs and transmits Borrelia theileri and Rickettsia conori. A biologically similar subspecies, R. evertsi mimeticus, occurs in areas of Botswana, Namibia, Angola and Zaire. Rhipicephalus appendiculatus feeds primarily on cattle and large antelopes in an area ranging from southern Sudan and eastern Zaire to Kenya and South Africa. Immatures of this three-host tick may feed on smaller livestock. This tick is the principal vector of Theileria parva, the causative organism of East Coast fever, a major constraint to the cattle industry in East Africa. The closelyrelated species R. zambeziensis, also a vector of T. parva, is found in Tanzania, Zambia, Zimbabwe, Botswana, and in South Africa (Transvaal province); this species inhabits low-altitude savanna areas which are too dry and warm for R.
appendiculatus. R. exophthalmos, a recently described species (45), is a parasite of cattle, sheep and goats in Southern Africa, but the ability of this tick species to transmit disease organisms to these animals is unknown.
Many other Rhipicephalus spp. in Africa will feed on domestic animals. These species are too numerous to detail here, but the following may serve as an example: in the R. sanguineus group, R. sanguineus and R. turanicus are important parasites of dogs, sheep and horses; in the R. simus group, R. simus, R. praetextatus and R. muhsamae feed on dogs, buffalo and occasionally cattle; and in the R. pravus group, adults of R. pravus, R. kochi and R. punctatus will feed on cattle.
MITES
As a group, the parasitic mites represent an extremely diverse range of ectoparasites and, except for those species associated with domesticated bees, only a synopsis of the important species is provided here. Yunker (98) provided details of mites associated with laboratory animals, and Philips (74) recently documented avian mites. Several mites are extremely small, especially those belonging to the Acariformes (Table I) , and can be difficult to locate on hosts without the aid of significant magnification or via the detection of clinical manifestations.
The chicken mite (Dermanyssus gallinae)
is an important cosmopolitan representative of the family Dermanyssidae. This species is a persistent blood-feeder of chickens, turkeys, pigeons and many other birds. During daylight, D. gallinae mites conceal themselves in crevices close to the host roost or nest, leaving these sites at night to feed on birds. Heavy infestations of poultry can decrease egg production, cause anaemia and low weight gains, render hosts susceptible to secondary infection, and may even prove fatal to birds. The chicken mite is a laboratory vector of various encephalitis-causing viruses (22) .
The family Halarachnidae includes a small number of mites which parasitize domestic mammals. The cattle ear mite (Raillietia auris) occurs on most continents, residing in bovid ears where it apparently feeds on wax and epidermal cells. Pneumonyssoides caninum lives inside the nasal passages and sinuses of dogs, and Pneumonyssus simicola infests the lungs of monkeys and baboons. Normally, neither of the above mites causes significant harm to hosts, but under exceptional conditions (e.g. in hosts held in captivity) infestation may result in central nervous system disorders, pneumonia or even death (49, 98) .
While most macronyssid mites parasitize bats, a few widely-distributed species belonging to the genus Ornithonyssus are pests of domestic animals (mammals and birds). The tropical rat mite (O. bacoti) feeds on rats, mice and other mammals, and is a laboratory vector of several pathogens (98) . Two species, the northern fowl mite (O. sylviarum) and the tropical fowl mite (O. bursa) parasitize poultry. As indicated by the vernacular names, O. sylviarum is widespread in temperate regions while O. bursa is found mainly in tropical and sub-tropical regions. Large infestations of these mites may occur on poultry, causing anaemia, dermatitis and related sequelae (49) .
Most cheyletiellid mites parasitize wild mammals and birds, but a few species occur on domestic animals, and the bites can cause skin lesions or dermatitis reminiscent of mange. Three important and widespread species are Cheyletiella parasitivorax of rabbits, C. blakei of cats and C. yasguri of dogs (87, 98) .
The follicle mites (family Demodicidae) are tiny, elongated mites which inhabit hair follicles and related sites in mammalian hosts. Several species affect domestic animals across the world, and little harm is typically caused to the host. However, in heavy infestations large fluid-filled nodules or pustules may develop (as with Demodex bovis infestations in cattle), devaluing hides or wool; secondary eye or skin infections can also result (36) Myobiid mites are specialised ectoparasites of marsupials, insectivores, bats and rodents. Three cosmopolitan species which feed on laboratory rats and mice, often causing dermatitis, alopecia and trauma, are Myobia musculi, Radfordia affinis and R. ensifera (49, 98) .
Only one psorergatid, the sheep itch mite (Psorergates ovis), is of major world-wide importance for domestic animals. This mite causes intense irritation to infested sheep. Related species are P. bos of cattle and P. simplex of laboratory mice (36, 49) .
Psoroptid mange mites do not burrow into host skin but position themselves at the base of hairs and pierce the skin, typically causing inflammation. Several psoroptid mites parasitize domestic animals. The cosmopolitan species Chorioptes bovis is mainly associated with cattle but also causes lesions in horses, sheep and goats. Heavy infestations in cattle may cause reductions in milk yield (36) . A common world-wide infestation of cats, dogs and other carnivores, which is often called otoacariosis (as ears are the usual infestation site), is caused by Otodectes cynotis ; these mites swarm in and around the ears and cause intense irritation to hosts (98) . Members of the genus Psoroptes cause scab mange in a number of livestock mammals, especially sheep, cattle, goats, rabbits, water buffalo, horses, donkeys and mules. Hosts infested with these mites often develop a debilitating mange which causes dermatitis, hair loss and the formation of pruritic scabs (89) . Disagreement exists regarding the taxonomy of Psoroptes spp. mites of domestic animals, but most authors concur that P. ovis infests sheep, cattle and equids; P. equi occurs on equids and P. cuniculi infests rabbits, goats, sheep and equids (89) .
The sarcoptid mange mites (family Sarcoptidae), also known as itch mites, are immensely important ectoparasites of domestic mammals. These mites burrow beneath the skin surface and are usually transferred to new hosts via close physical contact. The burrowing action of these mites causes intense irritation to hosts, which may consequently rub off much of their fur or skin. Secondary immune reactions or secondary infection can also result. The mange mite (Sarcoptes scabiei) is an important cosmopolitan parasite of many domestic mammals, causing sarcoptic mange (4). Some authors have regarded S. scabiei populations from different host species as different mite species, subspecies or strains, but current data provide little evidence to support this view (4, 48) . Pigs, particularly suckling piglets, are especially susceptible to infestation by S. scabiei, lesions typically being concentrated on the shoulders and ears, along the back, at the top of the neck, etc. These lesions may progress into scabs, a process which is exacerbated by host rubbing and scratching in response to chronic irritation. S. scabiei infestation can also cause allergic complications and low weight gains in pigs (4) . Horses, mules, donkeys, cattle and primates are also frequently infested with S. scabiei (4) . Other important sarcoptid mange mites include Notoedres cati (which causes mange in cats) and Trixacarus caviae (a parasite of laboratory guineapigs) (48, 98) .
The chiggers (family Trombiculidae) represent a diverse group, with more than 2,000 species recognized world-wide. Only the six-legged larval stage is parasitic, while the larger nymphs and adults are predators of soil micro-arthropods (32, 49) . Chiggers may occur in huge numbers, and several species feed on domestic animals, often causing intense irritation, dermatitis, hypersensitivity, secondary infection or pathogen transmission. Eutrombicula alfreddugesi and E. splendens are widespread in the New World, where they feed on virtually any terrestrial vertebrate. In Europe, the harvest mite (Neotrombicula autumnalis) claims similar notoriety. In other parts of the world, various species belonging to these genera or to Leptotrombidium, Euschoengastia, Trombicula, Apolonia or Acomatacarus, are pestiferous to domestic animals. The turkey chigger (Neoschoengastia americana) is an important ectoparasite of turkey poults and quail, and can cause host death (36) . Euschoengastia latchmani can cause a mange-like dermatitis in horses in North America. Significantly, certain species of Leptotrombidium in the Asiatic-Pacific region transmit Rickettsia tsutsugamushi, the causative agent of scrub typhus (chigger-borne rickettsiosis) (92) . Although infected humans may become extremely ill or die, most domestic animals show inapparent infections.
Several mite families which include parasites of birds, especially poultry, are listed in Table I . Clearly, a diverse assemblage of mites -in addition to the previously-mentioned cheyletiellids, trombiculids, dermanyssids and macronyssids -is associated with birds. Some of the important species are highlighted here; further details on mites of domestic birds are available in other works (36, 49, 74, 98 
BEE MITES
Comparatively few species of mites have established a truly parasitic association with other invertebrates. However, mites and honey bees provide an excellent example of such a parasitic relationship. Traditionally (19, 79) , honey bees are classified as four species, grouped in the subfamily Apinae of the family Apidae, all within the genus Apis. Three of the species of honey bees, Apis cerana (eastern or Indian honey bee; comprised of four races), A. dorsata (giant or rock honey bee) and A. florea (little honey bee) are native to Asia. The fourth species, A. mellifera (European or western honey bee), comprised of 24 races and originally native to Europe and Africa, has been transported throughout the world for honey production, and has become successfully established in all areas where it has been introduced, except tropical Asia. In Asia, mites associated with the three Asian species of honey bees prey on A. mellifera to such an extent that it has not become successfully established there.
Approximately six species of mites have, established parasitic relationships with the four species of bees (86) . At present, none of these mites is known to be important in the transmission of disease organisms to honey bees, but studies in this field are currently under way (H. Shimanuki, personal communication, 1994 Of these mites, two species have been of major importance to the beekeeping industry in recent decades: A. woodi (the tracheal bee mite) and V. jacobsoni (the varroa mite) (86) . A third species, T. clareae, is considered to be on the threshold of significance, but currently lags far behind the tracheal and varroa mites in distribution and significance to the beekeeping industry (5).
In the Americas and Australia, no native honey bees of the genus Apis were present, but stingless bees of the subfamily Meliponinae existed on these continents; these were both social and honey-storing bees. In Central America, the Maya still keep some bee species in horizontal log hives (15) . A. mellifera was shipped from England to North America in 1622 (15) ; shipments also arrived from France later in the same century. The first honey bees probably arrived in Australia circa 1822. All these early shipments were apparently free from the tracheal mite A. woodi.
Acarapis woodi was reported on Apis mellifera in England in 1921, but was probably present earlier. A short time later, this mite was found on honey bees in mainland Europe. A. woodi has been spread by international shipment of honey bees -especially by air transport and during World War II -to all continents except Australia. Despite the early controversy regarding the potential impact of the tracheal mite on beekeeping in Europe, it is now clear that this mite can inflict serious damage. Morse (59) reported this species from southern Texas in 1984, and stated that between 1985 and 1991 at least half of the honey bee colonies in the USA died as a result of tracheal mite infestations.
In acariosis (infestation of the tracheal tubes of the honey bee by A. woodi), tracheal mites afflict only adults. Tracheal mites are difficult to detect and differentiate, due to their small size (143-174 µm in length for females, 125-136 µm for males); this is also true of the two other Acarapis species. They are frequently identified by location on the honey bee rather than by morphological characteristics. Only A. woodi may be positively identified solely by reference to habitat; the position of the other Acarapis mites is a useful but unreliable indicator. A. woodi lives almost exclusively in the first thoracic spiracles and trachea; A. externus generally inhabits the membranous area between the posterior region of the head and the thorax, or the ventral neck region; A. dorsalis is most often found in the dorsal groove between the mesoscutum and mesoscutellum and the wing bases.
The whole life cycle of A. woodi is typically completed in the trachea of the adult bee. A fertilized female mite lays five to seven eggs over a period of several days. When these hatch, the resulting nymphs puncture the tracheal wall to feed on haemolymph (blood). The nymphs mature to adults: the female within 14-15 days, the males in 11-12 days. More females than males are usually produced. The adult mites mate in the trachea and some of the young females then migrate out of the trachea, attach to one of the bee body hairs and transfer to a passing bee. Apparently only young bees can become infested (59) . The close contact of the bees enables passage of female mites from infested bees into the prothoracic spiracle of young bees, and the cycle is repeated. Individual bees are thought to die as a result of the disruption caused by mites clogging the trachea and interfering with respiration (86) . It seems likely that damage to the tracheal walls by the mites may also allow secondary microorganisms to enter the haemolymph, or may produce some leakage or direct loss of haemolymph. When over 30% of the bees in a colony become parasitized by tracheal mites, honey production may be reduced and the likelihood of winter survival decreases (86) .
At one time, the varroa mite (Varroa jacobsoni)
was considered a relatively obscure mite of Asian honey bees, but this species is now considered to present one of the most important problems for the entire beekeeping industry. V. jacobsoni was first described on Apis cerana in Java in 1904. The varroa mite was first reported in association with A. mellifera, a new host, in 1962 (86) from a sample obtained in Hong Kong. The first indication that the varroa mite would present a problem to the beekeeping industry came in 1963, when these mites were found on A. mellifera which had been imported into the Philippine Islands. Within a few years, all of the colonies (approximately 1,000) in the Philippines were dead (60) . Varroa mites are now widespread, having been reported from all continents except Australia (60) . Most parasitism occurs on older honey bee larvae and pupae, with drone brood being preferred to worker brood (78) . The degree of damage depends on the number of mites infesting each larva.
The biology and life cycle of the varroa mite (Fig. 2) have been investigated in considerable detail (17) , and only a brief summary is presented here. The adult mites mate in capped cells, the males dying soon afterwards. Chelicerae of the males are highly modified for sperm transfer, and the males are not known to feed. The fertilized (mated) female mites leave the brood cell with the emerging young adult bees. Female mites attach to adult bees between overlapping abdominal segments or between body regions (head, thorax, abdomen) making them difficult to detect. The mites can also feed easily on bee haemolymph from these locations, piercing the intersegmental membranes with their mouthparts. Adult bees suffer from the loss of blood, but may also be subjected to secondary microbial invasion, possibly leading to reduced life expectancy (16) . Female mites detach from adult bees within 3-150 days depending on the season and availability of brood (86) , and move into uncapped cells with mature honey bee larvae (5-6 days old), crawling to the bottom of the brood cells and burrowing into the bee food. This occurs immediately before the worker and drone cells are capped. By the time the bee food is consumed, the honey bee larvae are transforming into pupae. The hatching young mites and female mites feed at will on the haemolymph of the bee larvae and pupae. Female mites are produced within 7-8 days and emerge from the brood cells with the young emerging adult bees, and the cycle is repeated. Each female produces 1-6 eggs. One or two mites decrease the vitality of the emerging bee. High numbers of varroa mites per cell result in malformations, such as mis-shapen wings, deformed legs and shortened abdomen, or even in death (17, 82) .
Since modern means of transportation brought A. cerana and the varroa mite into contact with A. mellifera, in 1963, this mite has had a serious impact on beekeeping throughout the world, except in Australia and a few isolated islands. On the natural host (A. cerana), varroa mite infestations are low and pose no economic threat, with low (61) . Bees in this colony groom the mites from their body, bite and puncture them, then carry the mites outside the hives where they are consumed by other arthropods. This is similar to one of the protective measures used by A. cerana (73) and is similar to what happens in Africanized honey bee colonies in South America (58) . According to Morse (60) , no concerted effort is being made to select and breed resistant stocks of honey bees.
A third species of mite, Tropilaelaps clareae, is now being reported from additional countries in East Asia, indicating that distribution coincides with the natural range of the original host species, A. dorsata. Following the discovery of T. clareae in Papua New Guinea (18) as a parasite of A. mellifera colonies which were also infested with V. jacobsoni, the spread of T. clareae through this country is being carefully monitored. The discovery of A. cerana on Australian islands in the Torres Strait (56) increases the chances of T. clareae spreading to the tropical parts of Australia. T. clareae has been reported from tropical Africa; should it become established, this species has the potential to cause considerable harm to beekeeping on the African continent. T. clareae has also been found in A. mellifera colonies in the Philippines, Java, Malaysia, Hong Kong, Vietnam, India and Thailand (17) .
T. clareae is slightly larger than the tracheal mite. Females measure approximately 960 X 550 µm, are fast-moving, and light reddish-brown in colour; they are ectoparasites of honey bee brood and adults. Shimanuki et al. (86) suggest using a magnifying glass or dissecting microscope to examine brood combs suspected of being infested. The life cycle is similar to that of the varroa mite; the immature stages of both sexes are freemoving and feed on the haemolymph of bee brood, especially the prepupae and pupae. Adult females attach externally to adult bees and feed freely on haemolymph. Other Asian honey bee species, A. cerana and A. florea, are reportedly not attacked by T. clareae (17) , but Matheson (56) would appear to suggest that this mite is associated with A. cerana. Recent information (Shimanuki, personal communication, 1994) indicates that T. clareae is associated with all Asian species of honey bees.
VERTEBRATES
Very few vertebrates are ectoparasites of domestic animals. However, lampreys (Pisces: Agnatha) -eel-like in appearance but with circularly arranged rows of teeth in their jawless mouths -attach externally to other fish including stocked species. The rasping action of lamprey teeth on the host, together with the concomitant loss of host blood and tissue consumed by the lamprey, often kills the fish host. Approximately 30 species of marine or freshwater lampreys inhabit temperate regions across the globe, and most of these species are ectoparasitic as adults (35) .
In parts of Central and South America, nocturnally active vampire bats (Chiroptera: Phyllostomidae: Desmodontinae) cut into the flesh of domestic animals -especially large ungulates such as cattle, horses and pigs -to acquire a blood meal. This action not only irritates the host, but can cause anaemia and/or result in the transmission of rabies virus, pathogenic rickettsiae or Trypanosoma evansi from bat to host. Desmodus rotundus is the most common and widespread vampire bat, but two additional species, Diaemus youngi and Diphylla ecaudata, occasionally attack livestock (27) .
CONCLUSION
More details are presented on many of these groups of ectoparasites in other papers in this issue of the Review. This chapter is an attempt to synthesize important aspects of the biology and classification of the ectoparasites of domestic animals, and to provide some coverage of those groups not discussed elsewhere in this volume. 
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